Improvement of QKD performance, particularly on system stability, has been required to meet practical application. In this letter, we design a quarter-wave plate reflector-Michelson interferometer based one-way intrinsic-stabilization QKD system. By introducing quarter-wave plate reflector-Michelson interferometers, with the long and short arms comprising of polarization maintaining optical fiber, quarter-wave plate and total reflector, the QKD system can be free of polarization disturbances caused by quantum channel and optical devices in the system. The experimental result shows that the QKD system has long-term low quantum bit error rate, and the safe key rate is about 7.34 kbps over 50.4 km standard optical fiber in the lab.
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Quantum key distribution (QKD) enables two authentic remote participants, the transmitter Alice and the receiver Bob, to share a secret key that is unknown to a potential eavesdropper Eve. The security of QKD protocol relies on quantum mechanics and information theory, and theoretically has been proved absolutely safe [6] , the encoding type [7] [8] [9] , one-way or round-trip propagation [10] [11] [12] [13] [14] , discrete or continuous variable quantum source [15] [16] [17] [18] , over fiber [7] , [19] , [20] or free space [21] [22] [23] , and so forth, have been realized and reported. In actual QKD application, besides the security of protocols and the loopholes of devices, another urgent problem in QKD over commercial optical fiber is the system stability, which is strongly dependent on encoding scheme. Among these schemes, the most popular encoding ways are polarization encoding, phase encoding and time-bin phase encoding. However, polarization encoding QKD system relies on complicated feedback compensation when decoding quantum signal because of environmental disturbance in practice.
While phase encoding or time-bin phase encoding QKD system, which is more competitive for overhead optical cable and tube optical cable along road or bridge, will also suffer from polarization-induced fading and increase quantum bit error rate (QBER).
A typical fiber QKD scheme is based on unbalanced-arm Faraday-Michelson (F-M) interferometers, which can automatically eliminate the polarization-induced signal fading by introducing Faraday Mirror [8] . According to Ref. [24] , the anti-disturbance condition that unidirectional QKD system is free of polarized disturbance caused by both interferometers and transmission fiber is L +
•S=I or L=S,
where L and S respectively represent the operators of the whole long and short arms of the F-M interferometer and are unitary. In the F-M based QKD system, L and S are corresponding to one of Pauli Matrices σ3, where we adopt the same notation with the Ref. [25] . Here, we propose a new solution based on quarter-wave plate reflector-Michelson (Q-M) interferometer, which is corresponding to another Pauli Matrix σ2 and makes QKD system immune to polarization-induced signal fading. For Faraday mirror, there will be an additional phase π besides the polarization state exchange. As shown in Fig. 2 (b) , when a forward light with X-direction and Y-direction components is incident on a Faraday mirror at any angle, the output light will be a backward light with Y-direction and (-X)-direction components. So the polarization direction of the incident light and the output light after the reflection by Faraday mirror are always orthogonal and F-M based QKD scheme will be free of polarization disturbances in the system, which is shown in Fig. 2(b) . Unlike the Q-M interferometer, the operators of the long and short arms of F-M interferometer correspond to Pauli Matrix σ3. To describe the change of polarization more intuitive, we take the coordinate system as right handed and the light propagation direction as +z direction when the light propagates to the QWPR along PM optical fiber, and the coordinate system is left handed after the reflection by the reflector. For the convenience of theoretical analysis, we use the same notations with those in Ref. [25] . For Q-M interferometer, the operator of PM optical fiber in long arm is l=U (δ/2,1,0,0) , where δ is the birefringence strength of the PM fiber, and the operator of QWPR is
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Then the long arm operator L will be: 
Where the arrows ← and → indicate the backward and forward propagation and the index t designates the transposed matrix. For reciprocal optical element, the backward propagation notation equals the transposed matrix of the notation in forward coordinate system. The conclusion also applies to the short arm operator S.
Considering double Q-M interferometers a and b connected with each other by optical fiber channel, there will be two paths for the pulse to interfere:
Path 2: Sa → channel → Lb;
The transformation matrices of the two paths can be described respectively by: 
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where li and si (i=a, b) represent the operators of the long and short PM optical fiber in the arms of Q-M interferometer, αi and βi are the phase caused by the long and short arm of interferometers, respectively, ϕ is the phase of transmission fiber, and φ is the phase shift from the PS. Supposing input Jones vector is Ein at Alice's side, the output of Bob's interferometer can be written as:
Considering that Si, Li, and C are unitary, interference output power can be expressed as:
where ∆α=αa-αb, ∆β=βa-βb, ∆φ=φa-φb. This means that the interference output Pout does not rely on any polarized perturbation in the whole QKD system. In an ideal case, ∆α and ∆β are invariable, hence interference fringe is only modulated by PS. In the real case, the fluctuation of temperature or vibration will cause some drift in ∆α and ∆β, which can be solved by active compensation.
To prove the theory above, a time-bin phase encoding intrinsic-stabilization QKD experimental setup is built. The schematic and the real experimental setup are shown in Fig. 3 . The system works in a way of decoy-state BB84 protocol including vacuum and weak decoy state. The photons are generated by four strongly attenuated 1549.32 nm distributed-feedback pulsed laser diodes with a pulse width of 500 ps and 100 MHz repetition rate. The quantum fiber channel from Alice to Bob is 50.4 km (about 9.5 dB loss) in the lab. The ratio of signal, decoy and vacuum state numbers is 6:1:1, the intensity ratio of signal and decoy-state is 3:1, and the mean photon number is attenuated to 0.6. Four avalanche diode single detectors are used at Bob's side with a gate width of 1ns.
We measured QBER and safe key rate to examine the performance of the system.
As shown in Fig. 4 , the averaged QBER and safe key rate are 0.83±0.23% (a) and 
